ABST RACT. Some recent wor k by Dr. J. F . Nye on the calculation of the thickness of ice sh eets has prompted the author to app ly Nye's formula t o the Barnes I ce Cap in Baffin Island . A g r avim etric survey o f the southern lob e was carried o ut in 1950 , and the d ata from fo ur of the traverses have b een used to calculat e the variation of the shear s tress on t h e b ed . S om e of the values ob tained ar e exception ally low, p ossibly explained b y the fact that t h e lines of travel over the surface d o n ot n ecessarily corresp ond to the lines of g reatest slope or lines of flow. Only in one direction are t he values relatively high, and it is concluded that ther e is a con siderably great er m ovemen t of the ice in this direction. T his con clusion is in agreem ent with observation s on t h e ground. R EsUME. D es investigation s recentes du docteur ]. F. Nye it l'egard d e la method e d e calcu ler l'epaisseur d e l' Inlandsis a n t su ggere it I' auteur I' idee d 'appliquer la fo rmule Nye it la calotte d e glace d e Barnes it Baffin Islan d. U n releve gravim etriq ue du lo b e s ud a ete fait en 19 50, et on en a employe les donnees de quatre d es parcours afin de calculer l es variations des ten sions d e cisaillem ent a u lit du glacier . Un certain nombre des val eurs ainsi obtenu es se m ontrent exceptionnellem ent faibl es, ce qui s'explique p eut-etre p ar le fait que les lign es de p arcours ne correspondent pas necessairement au x lignes de pente m aximum ou aux lign es d'ecoulement. Ces valeurs ne sont relativement fortes q u e d ans une seule direction , et on en a con clu s qu' il existe un m ouvement de la g lac e b eaucoup plus r apid e d e ce cote. Cette conclus ion est d 'accord avec les o bservations faites s ur le t errain .
IN a recent paper by Dr. J. F. Nye of the Cavendish Laboratory, Cambridge, a method is presented by which the thickness of ice sheets can be calculated.! The tendency of the ice to spread laterally and to flow downhill is balanced by the inward shear force exerted by the rock floor. By Nye's method it is possible to make an approximate calculation of the variation of the shear stress on the bed of an ice cap if the bed and ice surface profiles are known.
For a sheet of ice resting on a bed the slope of which changes both in magnitude and direction, the shear stress on the bed is calculated by Nye to be approximately T= pgh sin ex, provided that the local values of the thickness of ice (h) and surface slope (ex) are used, and that these values do not change much in distances of order h. p is the density of the ice, and g is the gravitational acceleration.
Calculations on alpine valley glaciers show that the shear stresses on their beds are between 0'5 and 1'5 bars.2 (1 bar = 10 6 gm. jcm. sec. 2 = 106 dynes jcm. 2 ). Nye assumes for a first calculation that T is constant "-'I bar over the floor of a moving ice sheet, " -as shear stresses much smaller than 1 bar produce extremely small rates of strain, while shear stresses much greater than 1 bar produce very much larger rates of deformation than those existing in glaciers and ice-sheets." In the case of an almost stationary mass of ice, a considerably smaller shear stress can exist on the bed.
With a constant value of T (shear stress), and if the height of the bed is known, the absolute height of a (former) ice surface can be calculated. Another type of problem that can be solved by Nye's method is the calculation of the thickness of ice of a glacier, when the heights and slopes of the ice surface are known. One needs to assume a value for T in this case also.
Nye found that T= 0·88 bar gave the best fit when he compared his calculated heights of the Greenland Ice Cap with the observed surface as reported by the French Greenland Expedition of 1948-51. He therefore assumed T to be 0·88 bar everywhere in Greenland, and calculated the height of the bed of the Greenland Ice Cap by using surface contours from a survey map of scale 1 : 5,000,000. The values for T and (1. were uncertain, but Nye found some significant features. Even with the value of T reduced to 0'5 bar, the floor of the ice cap appears to be as much as 1200 m. below sea. level, at its lowest point. 2+2
It is now possible to apply Nye's formula in another area. The southern lobe of the Barnes Ice Cap in Baffin Island is well known as a result of the observations in 1950 by members of the Arcti€ Institute of North America expedition. 3 A gravimetrist from the Dominion Observatory in Ottawa took part in the expedition, and the results of his work on the ice cap have now been published. 4 Littlewood's work aimed at making a survey of the southern lobe of the Barnes Ice Cap; this lobe is roughly circular with a radius of approximately 10 miles (16 km.) (see Fig. I, p. 244) . Three long and a number of shorter traverses were made, establishing 155 gravity stations. The objects of the survey were to attempt to determine the thickness of the ice and to outline the topographical features of the bed. Littlewood gives for all the stations: latitude, longitude, distance from a reference station, ice-surface elevation, rock elevation, ice thickness, and observed gravity. In his calculations he uses an ice density of 0'91 gm. jcm.3. This is the value found by the glaciologists at Camp A, near the centre of the lobe,s and has been used in the present calculations. The observed gravity on the ice cap varied between 982'4742 cm. jsec. 2 (near the edge on the north side) and 982'3674 cm. jsec. 2 (at Camp A). The difference is too small to influence the calculated value of T in any more than the third decimal. The value for g as observed at Camp A is therefore used at all stations in calculating T from Nye's formula.
The slope has been calculated from the distance and the difference in elevation between neighbouring stations. Littlewood notes in his paper that the absolute elevation for each station may be in error by as much as 10 per cent, since all elevations are relative to the elevation of Camp A, which was determined by a number of aircraft altimeter readings. However, this error in no way influences the calculations, as only differences in elevation are used in the two cases. Assuming that the combined errors in the computed ice thickness is within ± 35 feet (10'7 m.) (Littlewood, p. 121), the error in the calculated value of T will only be present in the third decimal. The tables on page 246, numbered I to IV, give the calculated values for T (the shear stress) for a number of stations, using Nye's formula: T= pgh sin IX. The traverses A-B and A-C slope from Camp A down to the edge of the ice cap. Camp A was not located on the highest point of the southern lobe, however, and the traverse A-D is therefore treated in two separate parts, the first is the slope from station A-142 (the highest point) to Camp A, and the second is the north slope from A-I42 to D.
The traverse L-K showed that the ice surface between these two stations forms a wave. Only seven stations sloping down eastwards (towards the edge) have been used.
These values for the shear stress on the bed have been calculated along the traverses which do not necessarily correspond to the lines of greatest slope or lines of flow.
The values of 7 It is reasonable to conclude, therefore, that there is a considerably greater movement of ice in the direction A-142 to D, i.e. towards the north-east side of the southern lobe, than in the other directions, especially as Glen has shown that the rate of strain in ice is proportional to a high power of the stress. 6 This conclusion is in agreement with the observations of Goldthwait, who found that there was a general recession of the ice on the south-west and advance on the northeast. The net effect is a very slow shift north-eastwards of this end of the ice cap'?
The mean value of T along the other traverses is around 0'40 bar, which is below the lower limit cited by Nye from alpine valley glaciers (0'5-1'5 bars), and should produce small rates of strain in the ice, particularly because the temperature of the ice is thought to be below the pressure melting point throughout. s The investigations on the Barnes Ice Cap showed that it is nearly stationary, and all signs indicated only small rates of deformation where slow retreat was in progress. 8 It is probable that 0'40 bar is a reasonable magnitude of the shear force exerted by the rock floor under an ice cap in a topographical setting similar to that of the Barnes Ice Cap, with higher values to be expected in directions where the activity of the ice is greater, as is the case in a northerly direction from the neighbourhood of station A-142.
. Most of the exceptionally low values of T on the other traverses appear to be associated with the line of the traverse being appreciably different from the line of greatest slope, but even neglecting these low values the A-I42 to D-I53 values are relatively high. Some variation in T on any radial traverse might be expected. Sliding on the bed is not likely near the centre of an ice cap, but it must occur towards the edge since it is the only way in which rock debris can be brought to the surface of the ice under these conditions. Thus one might anticipate some increase in T from the centre towards the zone where shearing on the bed has involved the entrainment of rock debris, because the shearing resistance of rock debris on rock is pressure-conditioned. Close to the edge, where the flow is compressional, and overthrusting occurs over stagnant ice, the value of T might decrease. The values of T in traverses A-B and A-C suggest this type of variation.
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Fig. I. The south-eastern lobe of the Barnes Ice Cap showing the lines of the gravity traverses (Reproduced by courtesy of the Editor of Arctic) M I L E S
Fig. 2. Cross-sections of the Barnes Ice Cap along the lines of the gravity survey (Reproduced by courtesy of the Editor of Arctic)
The shape of the whole ice cap has one particular feature that is perhaps significant in respect of the high values of T along traverse A-I42 to D-I53. The ice cap is highest along a ridge that lies roughly parallel to, but curiously closer to, its north-east side (see Fig. 2 in Part I of this series of papers 1), and in the south-eastern lobe at least, the bed profile does not account for this displaced ridge.
The causes may be directly climatological, but I am inclined to discount this view. No large variations in the quite small total accumulation were found, and the current marginal accretion by perennial snowdrifts mentioned by Goldthwait,2 particularly along the north-east side, would tend to flatten the slope and decrease T. It has been shown 3 that much of the ablation energy is discharged to the lakes adjoining the ice cap. At present, however, only a small part of the northeast side forms cliffs fringing these lakes. This is unlikely to cause a significantly greater discharge of ice, except in the immediate vicinity of the lakes where underwater ablation might make sufficient difference. There is plenty of evidence, however, that the lakes on the north-east side have been much deeper and more extensive in recent times. A noticeable strandline, some 200 ft. (61 m.) above the present level of Generator Lake, is visible about one-third of the way up the hillside in the background of Fig. 3 in Part II of this series of papers. 4 Goldthwait has mentioned other strandlines to me, and a study of the R.e.A.F. aerial photographs of the larger lakes near the north end of the ice cap reveals the existence of scores of miles of high strandlines surrounding the present lake limits. In the past, almost the whole of the north-east side of the ice cap must have impounded water with a line of fringing ice cliffs. The effect of a general lowering of the water level of these formerly extensive lakes is to remove a large stabilizing force from the north-east side of the ice cap. This would cause a noticeable increase in the rate of flow of the ice towards the lakes that is likely to persist for a long time. The action is similar to the incidence of landslips following the lowering of lake levels.
